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A B S T R A C T

We developed two complementary ways to measure the position of SiPMs inside liquid xenon detector for MEG
II experiment; one uses laser tools and the other uses an X-ray beam. We measured the position of all SiPMs to
an accuracy of 320 μm.
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1. Introduction

MEG II experiment aims to search for a lepton flavor violating
𝜇+ → 𝑒+𝛾 decay to a sensitivity level of 6 × 10−14 [1].

Liquid xenon detector (XEC) measures time, energy and position
of an incident gamma-ray by detecting scintillation photons from an
interaction of the gamma-ray in liquid xenon. In this detector, 4092
VUV-sensitive SiPMs (Hamamatsu H.P.K, 15 × 15 mm2) are installed on
the incident face (Fig. 1) and 668 VUV-sensitive PMTs (Hamamatsu
H.P.K, 46 mm) on the other faces. Thanks to this granular readout at the
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incident face, the position resolution of incident gamma-ray is expected
to be ∼2 mm. Therefore, the alignment of the SiPMs should be better
than the resolution, but there are the following issues to address:

• SiPMs are mounted on the curved face (R∼ 65 cm).
• SiPMs are cooled at liquid xenon temperature (T = 170 K) and

thermal contraction of them is not negligible.

The goal of this research is to measure the position of SiPMs to an
accuracy of better than 500 μm. Two complementary measurements
were performed in order to achieve this accuracy.
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Fig. 1. Photosensors (SiPMs and PMTs) in XEC.

2. Laser measurement

2.1. Method

The surface of the inner wall of the liquid xenon detector was
directly surveyed by Faro Edge ScanArm (Fig. 2). From the image of
the surface structure, the 3D-position of the SiPMs at room temperature
was reconstructed.

2.2. Reconstruction of SiPM position

All 4092 SiPMs were surveyed and the position of 426 SiPMs was
nicely reconstructed to an accuracy of 120 μm. For the rest of SiPMs,
the position of them was not nicely reconstructed due to the limit of the
motion range of the scanner’s arm and the reflection at the surface of
the SiPMs.

From the position of the limited number of SiPMs, the expected
relative position of all SiPMs was reconstructed as follows.

1. Fit the SiPM array with a cylindrical surface with six parameters:
five for the core axis and one for the radius.

2. Project the array to the cylindrical surface.
3. Fit the 𝑧 − 𝜙 position of SiPMs with a lattice assuming equal

spacing. Its scale and position are fitted.
4. Calculate the position of all SiPMs as lattice points.
5. Reconstruct the 3D-position of all SiPMs with the parameters of

the cylinder and the 𝑧 − 𝜙 position of all SiPMs.

The reconstructed position was consistent with the measured position
to an accuracy of 180 μm according to the deviation between them.

3. X-ray measurement

3.1. Method

In order to measure the position of SiPMs at LXe temperature, X-ray
from 57Co (122 keV) was selected as a probe because it penetrates the
material in front of LXe and also interacts at the very shallow region
(∼1 mm). The source of scintillation photons is so near to the inner wall
that the photon distribution is concentrated to a few SiPMs. The X-ray
beam is collimated to the size of 1.5 × 40 mm2 by a brass collimator,
which is mounted on a rotational stage on a linear stage. The beam is
aligned to an accuracy of 30 μm in 𝑧 and 80 μm in 𝜙. The incident face
was scanned with the beam from outside the detector, and the trigger
rate of a SiPM is shown in Fig. 3 as a function of the beam position.
The peak structure is used to determine the SiPM position. The main
background is external irradiation that gives a large energy deposit such
as cosmic-ray.

Fig. 2. Survey with Laser Scanner.

Fig. 3. X-ray Signal and fitting function.

3.2. Result

The signal of each SiPM is fitted with a symmetric function with a
flat line and two gaussians whose peak is smoothly connected to the
line. Then, the position is reconstructed as its mean. The position of
1214 SiPMs was measured with an accuracy of 250 μm according to the
spacing in 𝑧 direction.

The position of the rest of SiPMs could not be measured because the
magnet in front of the detector absorbed the X-ray.

4. Combination

4.1. Transformation and fitting

If the whole SiPM array shrinks uniformly, the measured position at
room temperature is translated to that at LXe temperature as shown
in Eq. (1). In Eq. (1), 𝑎 corresponds to the scale of the thermal
contraction and 𝑅(𝛼, 𝛽, 𝛾) means an rotation. 𝑐𝑜𝑓𝑓𝑠𝑒𝑡 is a global offset.
The transformed 3D-position is fitted to the 2D-position from X-ray
measurement.

𝑥⃗𝑙𝑎𝑠𝑒𝑟 ↦ (1 − 𝑎)𝑅(𝛼, 𝛽, 𝛾)𝑥⃗𝑙𝑎𝑠𝑒𝑟 + 𝑐𝑜𝑓𝑓𝑠𝑒𝑡 (1)

After fitting, the position of both measurements was consistent with each
other to an accuracy of 300 μm. As a result, the position of all SiPMs at
LXe temperature is reconstructed.
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4.2. Scale of thermal contraction

The expected value 𝑎𝑒𝑥𝑝 can be calculated based on the thermal
expansion coefficient of the detector material 𝐶𝑚, and the measured
value, 𝑎𝑑𝑎𝑡𝑎, can be compared as follows.

𝑎𝑒𝑥𝑝 = 𝐶𝑚𝛥𝑇 = 16 ± 1 ppm K−1 ⋅ 110 ± 10 deg (2)

= 1.8 ± 0.2 × 10−3 (3)

𝑎𝑑𝑎𝑡𝑎 = 1.76 ± 0.14 × 10−3 (4)

The measured value was consistent with the expectation.

5. Conclusion

Two complementary measurements were performed for the align-
ment of the SiPMs in the liquid xenon detector. Laser measurements
gave the 3D-position of SiPMs at room temperature to an accuracy

of 180 μm, whereas X-ray measurement gave the 2D-position at LXe
temperature to an accuracy of 250 μm.

By combination of both measurements, the 3D-position of all SiPMs
at LXe temperature is reconstructed to an accuracy of 320 μm.
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